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1 WHAT IS CLAIMED IS: 



3 1 . A methodW modulating the activity of a thyroid hormone receptor (TR) which 

4 comprises administering ta a mammal in need thereof a compound of the formula: 
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wherein said compound fits spatially and preferentially into a TR ligand binding 
domain (TR LBD) and comprises the following substituents: 

(i) an Rl-substituent comprising an anionic group that interacts with a side chain 
nitrogen atom of an arginine corresponding tera residue selected from the group consisting of 
Arg228, Arg262, and Arg266 of human TR-a, Vnd Arg282, Arg316 and Arg320 of human 
TR-/3, and wherein the anionic group is 1^7^4.0 A ^fromxthe nitrogen atom; 

(ii) an R2-substituent comprising a hydroDhc bic or hydrophilic group that fits 
spacially into the TR LBD; 

(iii) an R3-substituent comprisingjjiy^rophobic or hydrophilic group that 
interacts with a side chain atom of a serine, alanine or iso|eucine corresponding to a residue 
selected from the group consisting of Ser260, Ala263 and Ile299 of human TR-a, and 
Ser314, Ala317 and Ile352 of human TR-/3, and wherein the hydrophobic or hydrophilic 
group is 1.7-4. OA from the side chain atom; 
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1 (iv) an R5-substituent comprising a hydrophobic or hydrophilic group that interacts 

2 with a side chain atom of a phenylalanine or isoleucine corresponding to a residue selected 

3 from the group consisiting of Phe2l8, Ile221 and Ile222 of human TR-a, and Phe272, Ile275 

4 and Ile276 of human TR-/3, and wherein the hydrophobic or hydrophilic group is 1.7-4. OA 

5 from the side chain atom; \ 

6 (v) an R6-substituent comprising a hydrophobic or hydrophilic group that fits 

7 spacially into the TR LBD; \ 

8 (vi) an X-substituent comprising ^hydrophobic or hydrophilic group that interacts 

9 with a side chain atom of a leucine corresponding to a residue selected from the group 

3° consisting of Leu276 and Leu292 of human TR-a, and Leu 330 and Leu346 of human TR-/3, 

yll and wherein the hydrophobic or hydrophilic! group is 1.7-4. OA from the side chain atom; 
|J2 (vii) an R2'-substituent comprising a hydrophobic or hydrophilic group that fits 

Td3 spacially into the TR LBD; ^ 

j=|4 (viii) an R3'-substituent comprising a hydrophobic group that interacts with a side 

]J5 chain atom of a phenylalanine, glycine or methionine corresponding to a residue selected 

Q6 from the group consisting of Phe215, Gly290, and ^et388 of human TR-a, and Phe269, 

17 Gly344, Met442 of human TR-jS, and wherein mLhydVor^bie^roup is 1 .7-4.0 A from the 

18 side chain atom; \ 

19 (ix) an R4'-substituent comprising an hydrogen bond donor or acceptor group that 

20 interacts with a side chain carbon or nitrogen atom ofi a histadine corresponding to residue 

21 His381 of human TR-a, and His435 of human TR-/3, and wherein the hydrogen bond donor 

22 or acceptor group is 1.7-4.0A from the side chain atom,\ 
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1 (x) an R5'-substinieVit comprising a hydrophobic or hydrophilic group that fits 

2 spacially into the TR LBp; 

3 (xi) and R6'-substitue^it comprising a hydrophobic or hydrophilic group that fits 

4 spacially into the TR LBD; 

5 wherein said compoundlis other than a thyronine or thyronine-like compound 

6 disclosed in a reference cited in\Appendix I, and wherein the activity of said TR is 

7 modulated. 
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2. The method according to claim 1, 
wherein R! is 

-0-CH 2 C0 2 H, -NHCH 2 C0 2 H,| 

-C0 2 H, -CH 2 C0 2 H, -CH 2 CH 2 0p 2 H, -CH 2 CH 2 CH 2 C0 2 H, 
-CH 2 CH(NH 2 )CQ 2 H, -CH^HtNHCOCH^JCO.H, -CH 2 CH[NHCO(CH 2 ) 15 CH 3 



]C0 2 H, -CH 2 CH[NH-FMOC]CC^,H, -CH 2 CH[NH-tBOC]C0 2 H, or a carboxylate 
connected to the ring with a 0 to ^arborTlinker, 



-P0 3 H 2 , -CH 2 P0 3 H 2 , -CH 2 CH* 




2 CHNH 2 P0 3 H 2 , 



-CH^HfNHCOCH^JPOjH,, -CH 2 CfII^CO(CH 2 ) 15 CH 3 ]P0 3 H 2 , 
-CH 2 CH[NH-FMOC]P0 3 H 2) -<£H 2 qH[NH-tBOC]P0 3 H 2 , or a phosphate or 
phosphonate connected to the ring with^O to 3 carbon linker, 

-S0 3 H, -CH 2 S0 3 H, -CH 2 CH 2 S0 3 H, -CH 2 CHNH 2 S0 3 H, -CH.CHfNHCOCHtfJSOjH, 
-CH 2 CH[NHCO(CH 2 ) 15 CH 3 ]S0 3 H, -CH 2 CH[NH-FMOC]S03H, -CH 2 
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1 CH[NH-tBOC]S0 3 H, or^a sulfate or sulfite connected to the ring with a 0 to 3 carbon 

2 linker, \ 

\ 

4 or acts as the functional equivalent of CH 2 CH(NH 2 )C0 2 H of T3 in the molecular 

5 recognition domain when boutad to a TR, wherein said R, can be optionally 

6 substituted with an amine, \ 

7 \ 

8 wherein R 2 is \ 

9 H, halogen, CF 3 , OH, NH 2 , SH,CH 3 , -Et, 

■|0 or acts as the functional equivalent of H in the molecular recognition domain when 

bound to a TR, \ 
jj2 \ 
ill 3 wherein R 3 is \ 
|4 -H, halogen, -CF 3 , -OH, -NH 2 , -N 3 , -SHT^CHj, -Et, 

Q5 or acts as the functional equivalent of Lin the molecular recognition domain when 

bound to a TR, i \ H 

17 \ // 

18 wherein R 5 is I /\ I 

19 -H, halogen, -CF 3 , -OH, -NH 2 , -N 3 , -SH, W, -Et, or acts as the functional 

20 equivalent of I in the molecular recognition domain when bound to a TR, and R 3 can 

21 be identical to R5, \ 
22 

23 wherein ^ is 
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-H, halogen, -CF 3 , -OH, -NH,, -SH, -CH 3 , or acts as the functional equivalent of H 
in the molecular recognition dLain when bound to a TR, and R 2 can be identical to 



wherein R 2 ' is 

-H, halogen, -CF 3 , -OH, -NH 2 , -li, -SH, -CH 3 , -Et, or acts as the functional 
equivalent of H in the molecular recognition domain when bound to a TR, 

wherein R 3 ' is any hydrophobic group, including 

halogen, -CF 3 , -SH, alkyl, aryl, 5- orLembered heterocyclic cyano, or acts as the 
functional equivalent of I in the molecular recognition domain when bound to a TR, " 

wherein is 

-H, halogen, -CF 3 , -OH, -NH 2 , NH 3 , - N (W carboxylate, phosphonate, phosphate 
or sulfate, -SH, -CH 3 , -Et, or akyl, aryl or\5- or 6-membered heterocyclic aromatic 
attached through urea or carbamate linkage^K) or N or S at the R/ position, or 

in the, mol< 



acts as the functional equivalent of OH 
bound to a TR, 



20 wherein R 5 ' is 
21 

22 ' 
23 




cular recognition domain when 
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-H, -OH, -NH 2 , -N(CH 3 ) 2 -SH -NH 3 , -N(CH 3 ) 3 , Lboxylate, phosphonate, phosphate, 
sulfate, branched or straight chain alkyl having 1 I 9 carbons, substituted or 
unsubstituted aryl, wherein said substituted aryl is substituted with halogen or 1 to 5 

93. 
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carbon alkyl and wherein said aryl is optionally connected to the ring by a -CH,-, 
aromatic heterocycle having i to 6 atoms, wherein said heterocycle may be substituted 
with one or more groups seledted from -OH, -NH 2 , -SH, -NH 3 , -N(CH 3 ) 3 , 
carboxylate, phosphonate, phoUate or sulfate, heteroalkyl, arylalkyl, heteroaryl 
alkyl, polyaromatic, or polyhet^roaromatic, wherein said R 5 ' may be substituted with 
polar or charged groups, 



8 wherein R^' is 

9 -H, halogen, -CF 3 , -OH, -NH 2 , -sk, -CH 3 , -Et, or acts as the functional equivalent of 
5° H in the molecular recognition doniain when bound to a TR, 

= J2 wherein X is 

m O, S, S0 2 , NH, NR 7 , CH 2 , CHR 7 , Cfe 7 R 7 , wherein R 7 is alkyl, aryl or 5- or 

j34 6-membered heterocyclic aromatic, 
45 

|6 and wherein said TR LBD ligand has an^ppa^ent^ for binding TR LBD of 1 M M or less. 
17 
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3. The method of claim 2, Wherei 

R, is carboxylate, phosphonate, phosphate or sulfite and is connected to the 
ring with a 0 to 3 carbon linker, 
R 2 is H, 

R 3 is -I, -Br, or -CH 3 , 
Rs is -I, -Br, or -CH 3 , 
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R*is H, 
R 2 ' is H, 
R 3 ' is -I, -Br, -CH ? 



heterocycles, 



, -iPr, -phenyl, benzyl, or 5- or 6-membered ring 



phosphorate, phosphate, su 
carbons, substituted or unsu 
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17 4. The method of claim' 1 , wh^rein/iaid compound fits spatially and preferentially 

18 into TR LBD isoform a (TR-a). 
19 

20 5. The method of claim 4, whereAi said compound comprises an anionic group 

21 that interacts with the side chain oxygen 

22 Ser277 of human TR-a, and wherein the 
23 



R/ is -OH, -NH 2 , ind -SH, 

IV is -H, -OH, -nL - N (CHA -SH -NH 3 , -N(CH 3 ) 3 , carboxylate, 

fate, branched or straight chain alkyl having 1 to 9 
Jbstituted aryl, wherein said substituted aryl is substituted 
with halogen or 1 to 5 carbol alkyl and wherein said aryl is optionally connected to 
the ring by a -CH 2 -, aromatic Wterocycle having 5 to 6 atoms, wherein said 
heterocycle may be substituted With one or more groups selected from -OH, -NH 2 , - 
SH, -NH 3 , -N(CH 3 ) 3 , carboxylase, phosphonate, phosphate or sulfate, heteroalkyl, 
arylalkyl, heteroaryl alkyl, polyiomatic, or polyheteroaromatic, wherein said R 5 ' 
may be substituted with polar or bharged^roups, and 
Ro' is H. 





or carbon of a serine residue corresponding to 
anionic group is 1.7-4.0A from the side chain atom. 
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1 6. The method of clkim 1, wherein said compound fits spatially and preferentially 

2 into TR LBD isoform 0 (TR-0)\ 



7. 



The method of clauji 6, wherein said compound comprises an anionic group 

5 that interacts with the side chain ritrogen of an arginine corresponding to Asn331 of human 

6 TR-0, and the anionic group is 1.7-V.OA from the side chain atom. 



8 8. A method for identifying a compound capable of selectively modulating the 

9 activity of a thyroid hormone receptor\(TR) isoform, said method comprising: 



C30 



modeling test compounds that fit spacially and preferentially into a TR ligand 



A 



llf 1 bindin S domain (TR LBD) isoform of inWest using an atomic structural model 



,j.2 isoform bound to a test compound, 



of a TR LBD 



i=i3 



screening said test compounds in a biological assay for TR isoform activity 
CM characterized by binding of a test compourld to a TR LBD isoform, and 

5 5 identifying a test compoundl£a7s^ctively modulates the activity of a TR 

96 isoform. 
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9. The method of claim 8, wherein iaidVornpound is of the formula 
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1 which comprises the following substituents: 

2 (i) an Rl-substituent comprising an anionic group that interacts with a side chain 

3 nitrogen atom of an arginine corresponding to a residue selected from the group consisting of 

4 Arg228, Arg262, and Arg266 of tyiman TR-a, and Arg282, Arg316 and Arg320 of human 

5 TR-0, and wherein the anionic groiip is 1.7-4.0A from the nitrogen atom; 

6 (ii) an R2-substituent comprising a hydrophobic or hydrophilic group that fits 

7 spacially into the TR LBD; 

8 (iii) an R3-substituent comprising a hydrophobic or hydrophilic group that 

9 interacts with a side chain atom of a serine, alanine or isoleucine corresponding to a residue 
•|° elected from the group consisting of SeiW Ala263 and Ile299 of human TR-a, and 

gl Ser314, Ala317 and Ile352 of human TR-fl, and wherein the hydrophobic or hydrophilic 
l£2 group is 1.7-4.0A from the side chain atom; 

|l3 (iv) an R5-substituent comprising ^ hydrophobic or hydrophilic group that interacts 

j|4 with a side chain atom of a phenylalanine or isoleucine corresponding to a residue selected 
|5 from the group consisting of Phe218, Ile221 Ld-ile222 of human TR-a, and Phe272, Ile275 
:J6 and Ile276 of human TR-/3, and wherein the hydrophobic or hydrophilic group is 1.7-4.0A 

17 from the side chain atom; 

18 (v) an R6-substituent comprising a hydrophobje^r hydrophilic group that fits 

19 spacially into the TR LBD; V__/ \ 

20 (vi) an X-substituent comprising a hydrophobic or hydrophilic group that interacts 

21 with a side chain atom of a leucine corresponding to\a residue selected from the group 

22 consisting of Leu276 and Leu292 of human TR-a, arid Leu 330 and Leu346 of human TR-/J, 

23 and wherein the hydrophobic or hydrophilic group is l\.7-4.0A from the side chain atom; 
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1 (vii) an R2'-substiiuent comprising a hydrophobic or hydrophilic group that fits 

i 

! 

2 spacially into the TR LBDj 

3 (viii) an R3'-substihient comprising a hydrophobic group that interacts with a side 

4 chain atom of a phenylalanine, glycine or methionine corresponding to a residue selected 

5 from the group consisting of\Phe215, Gly290, and Met388 of human TR-ot, and Phe269, 

6 Gly344, Met442 of human TR-/3, and wherein the hydrophobic group is 1.7-4.0A from the 

7 side chain atom; \ 

8 (ix) an R4'-substituent comprising an hydrogen bond donor or acceptor group that 

9 interacts with a side chain carboy or nitrogen atom of a histadine corresponding to residue 
|0 His381 of human TR-a, and His435 of human TR-/3, and wherein the hydrogen bond donor 
[111 or acceptor group is 1.7-4.0A from the side chain atom; 

|= j2 ( X ) an R5'-substituent comprising a hydrophobic or hydrophilic group that fits 

JJ3 spacially into the TR LBD; and \ 

g4 (xi) and R6'-substituent comprising a hydrophobic or hydrophilic group that fits 

145 spacially into the TR LBD. 
Q6 

17 10- The method according to\claim/9, 

18 wherein R t is 
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19 -0-CH 2 C0 2 H, -NHCH 2 C0 2 H, 

-C0 2 H, -CH 2 C0 2 H, -CH.CH^H' -CH 2 CH 2 CH 2 C0 2 H, 
-CH 2 CH(NH 2 )C0 2 H, -CH 2 CH[NHCOCH0JCO 2 H, -CH 2 CH[NHCO(CH 2 ) l5 CH 3 
]C0 2 H, -CH 2 CH[NH-FMOC]C0 2 H, -CH 2 CH[NH-tBOC]C0 2 H, or a carboxylate 
23 connected to the ring with a 0 to 3 carbon linker, 
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-P0 3 H 2 , -CH 2 P0 3 H 2 ^ -CH 2 CH 2 P0 3 H 2 , -CH 2 CHNH 2 P0 3 H 2 , 
-CH 2 CH[NHCOCH<i]P0 3 H 2 , -CH 2 CH[NHCO(CH 2 ) 15 CH 3 ]P0 3 H 2 , 
-CH 2 CH[NH-FMOC]Wh 2 , -CH 2 CH[NH-tBOC]P0 3 H 2) or a phosphate or 
phosphonate connected to the ring with a 0 to 3 carbon linker, 

-S0 3 H, -CH 2 S0 3 H, -Ch\cH 2 S0 3 H, -CH 2 CHNH 2 S0 3 H, -CH 2 CH[NHCOCH^JS0 3 H, 
-CH 2 CH[NHCO(CH 2 ) 15 CM 3 ]S0 3 H, -CH.CHfNH-FMOCJSO^, -CH 2 
CH[NH-tBOC]S03H, or a^sulfate or sulfite connected to the ring with a 0 to 3 carbon 
linker, 

or acts as the functional equivalent of CH^HCNH^H of T3 in the molecular 
recognition domain when bouJd to a TR, wherein said R, can be optionally 
substituted with an amine, 



wherein R 2 is 

H, halogen, CF 3 , OH, NH 2 , SH, €H 3 , -Et, 




or acts as the functional equivalent W h4 the molecular recognition domain when 



bound to a TR, 



wherein R 3 is 

-H, halogen, -CF 3) -OH, -NH 2 , -N 3 , -SH, -CH 3 , -Et, 

or acts as the functional equivalent of I in\the molecular recognition domain when 
bound to a TR, 
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1 wherein R 5 is 

2 -H, halogen, -(^F 3 , -OH, -NH 2 , -N 3 , -SH, -CH 3 , -Et, or acts as the functional 

3 equivalent of I hi the molecular recognition domain when bound to a TR, and R 3 

4 be identical to R 5 , ] 
5 

6 wherein Rg is 



can 



7 
8 
9 

9° 

j^l wherein R 2 ' is 



-H, halogen, -CF 3 , -OH, -NH 2 , -SH, -CH 3 , or acts as the functional equivalent of H 
in the molecular recognition domain when bound to a TR, and R 2 can be identical to 



. 12 



-H, halogen, -CF 3 , -OH, -NH 2 , -N 3 , -SH, -CH 3 , -Et, or acts as the functional 



rJ3 equivalent of H in the molecular recognition domain when bound to a TR, 

□4 




jl5 wherein R 3 ' is any hydrophobic group, including 

j|6 
17 
18 



halogen, -CF 3 , -SH, alky, aryl, 5^or 6-membered heterocyclic cyano, or acts as the 
functional equivalent of I in the moleculir recognition domain when bound to a TR, 



19 wherein R 4 ' is 
20 
21 
22 




-H, halogen, -CF 3 , -OH, -NH 2 , NH 3 , -ft(CH 3 ) 3 , carboxylate, phosphonate, phosphate 
or sulfate, -SH, -CH 3 , -Et, or akyl, aryl or 5- or 6-membered heterocyclic aromatic 



\ 



attached through urea or carbamate linkages to O or N or S at the R/ position, 



or 
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1 acts as the Actional anient of OH in the m olecu,ar recognition domain when 

2 bound to a TR, 
3 

4 wherein R 5 ' is 

-H, -OH, -NH 2 , -NfCH,), - S k -NH 3 , -N(CHj) 3 , carboxylate, phosphonate, phosphate , 
6 ^ b ™ cW °"^ht cL a^^^ 

united aryl, whe rei „ substituted ary. is subs.itu.ad with halogen or 1 ,o 5 
carbon alky, and wherein said all is optionally connected to the ring by a -CH r , 
aromatic heterocyc.e having 5 tol atoms, wherein said heterocyde may be substituted 
with one or more groups selected Lm -OH, -NH 2 , - SH , -NH,, -NCCH,),, 
carboxyhte, phosphonate, phosphal or sulfate, heteroaUcyl, arylalkyl, heteroaryl " 
alky., polyaromatic, or polyheteroarlmatic, wherein said R,' may be substituted with 
ll 3 polar or charged groups, 

m 1 

jJ5 wherein Rg' is 

; # -H, halogen, -CF,, -OH -NH Ah ru c* 

- . 3 ' ^y-^ - C H 3 , -Et, or acts as the functional equivalent of 

17 H in the molecular recognition/domain when/oound to a TR, 

18 

V 

19 wherein X is / 

2 0 0 ' SSO - N H.N R7 ,CH 2 ,CHR,,CR,R,,whe rei nR 7 isa Ut y,,ary,„r5-or 

21 6-membered heterocyclic aromatic, 
22 

23 and wherein said TR LBD tigand has an apparent Kd for binding TR LBD of 1 /xM or less. 
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11. The method of cl^im 10, wherein 

R, is carboxylate, phosphorate, phosphate or sulfite and is connected to the 
ring with a 0 to 3 carbon linker, 
R 2 is H, 

R 3 is -I, -Br, or -CH^ 
R 5 is -I, -Br, or -CH 3 , 
Rfiis H, 
R 2 ' is H, 

R 3 ' is -I," -Br, -CH 3 , -iPr, -phenyl, benzyl, or 5- or 6-membered ring 

heterocycles, 

R4' is -OH, -NH 2 , and -SH, 

R*' is -H, -OH, -NH 2 , -N(CH 3 i -SH -NH 3 , -N(CH 3 ) 3 , carboxylate, 

jjr-straight chain alkyl having 1 to 9 
carbons, substituted or unsubstituted afyll wherein said substituted aryl is substituted 



/ 



said aryl is optionally connected to 
5 to 6 atoms, wherein said 



with halogen or 1 to 5 carbon alkyl and Wherein 

\ 

the ring by a -CH 2 -, aromatic heterocycle having 

i 

heterocycle may be substituted with one^ormore groups selected from -OH, -NH 2 , - 
SH, -NH 3 , -N(CH 3 ) 3 , carboxylate, phosphonate, phosphate or sulfate, heteroalkyl, 
arylalkyl, heteroaryl alkyl, polyaromatic, or polyheteroaromatic, wherein said R,' 
may be substituted with polar or charged groups, and 



Rs' is H. 



V 



\ 
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1 12. The method of clkim 8, wherein said compound fits spatially and preferentially 

2 into TR LBD isoform a (TR-a). 
3 

4 13. The method of clairri 12, wherein said compound comprises an anionic group 

5 that interacts with the side chain oxygen or carbon of a serine residue corresponding to 

6 Ser277 of human TR-a, and wherein\ the anionic group is 1.7-4.0A from the side chain atom. 
7 

8 14. The method of claim 8,^wherein said compound fits spatially and preferentially 

9 into TR LBD isoform (3 (TR-/3). 

3° 

h| 1 15 • The method of claim 14, ^herein said compound comprises an anionic group 

ij2 that interacts with the side chain nitrogenlof an arginine corresponding to Asn331 of human 

111 3 TR-/8, and the anionic group is 1.7-4. OA ffom the side chain atom. 

S 4 

□ 5 16- The method of claim 8, wheijein said compound binds to a TR LBD isoform 

1^6 with greater affinity than thyronine or triiodothyronine. 
17 
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17. A method for identifying a' 



>id 



receptor (TR) agonist or 



19 antagonist ligand, said method comprising the steps of: 



providing the atomic coordinateslof a TR ligand binding domain (TR LBD) to 



21 a computerized modeling system; 



modeling ligands which fit spacially into the TR LBD; and 
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1 identifying in a biologicafey for TR activity a ligand which increases or 

2 decreases the activity of said TR, whe^aJX agonist or antagonist is identified. 

4 A peptide, ptodamimetic or synthetic molecule identified by the method of 

5 ymjTone of claims 8 or 17, wW the proviso that said molecule is other than a thyronine 

6 thyronine-like compound disclosed in a reference cited in Appendix I 
7 



or 
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19. A method of identifying a compound that selectively modulates the activity of 
a thyroid hormone receptor (TR) compared to other nuclear hormone receptors, said method 
comprising: 

modeling compounds which fit spacially into a TR ligand binding domain (TR 
LBD) using an atomic structural model of a TR LBD, 

selecting a compound composing conformational^ constrained structural 
features that interact with conformational^ bonstrained residues of a TR LBD, 

identifying in a biological assal for TR activity a compound that selectively 
binds to a TR LBD compared to other nucl^c^ whereby a compound that 
selectively modulates a TR is identified, 

20. The method of claim 19>whe^in Wid co^formationally constrained residues of 
a TR LBD correspond to residues Met259, I*u276, Leu292, His381, Gly290, Ile221, and 
Phe401 of human TR-o, and residues Met313, Leu^30, Leu346, His435, Gly344, Ile275 and 
Phe455 of human TR-/?. 
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21. The method of claim 19, wherein said compounds are of the formula: 



which comprises the following substituents: 

(i) an Rl-substituent comprising anUionic group that interacts with a side chain 
nitrogen atom of an arginine corresponding \to a residue selected from the group consisting of 
Arg228, Arg262, and Arg266 of human TrU, and Arg282, Arg316 and Arg320 of human 
TR-(3, and wherein the anionic group is 1.7-4.0A from the nitrogen atom; 



(ii) an R2-substituent comprising a 
spacially into the TR LBD; 

(iii) an R3-substituent compris 
interacts with a side chain atom of a semne, a 



hydrophobic or hydrophilic group that fits 

hydrophobic or hydrophilic group that 

le or isoleucine corresponding to a residue 



selected from the group consisting of 5 
Ser314, Ala317 and Ile352 of human 



er260, Ula263 and Ile299 of human TR-a, and 



w^iereuvfne^ 



hydrophobic or hydrophilic 



group is 1.7-4. OA from the side chain atom; 

(iv) an R5-substituent comprising a hydrophobic or hydrophilic group that interacts 
with a side chain atom of a phenylalanine or isoleucine corresponding to a residue selected 



from the group consisting of Phe218, Ile221 and 



Ile222 of human TR-a, and Phe272, Ile275 
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and Ile276 of human TR-0, and wherein the hydrophobic or hydrophilic group is 1.7-4.0 A 
from the side chain atom; 

(v) an R6-substituent comprising a hydrophobic or hydrophilic group that fits 
spacially into the TR LBD; 

(vi) an X-substituent comprising a hydrophobic or hydrophilic group that interacts 
with a side chain atom of a leucine corresponding to a residue selected from the group 
consisting of Leu276 and Leu292 of huriian TR-a, and Leu 330 and Leu346 of human TR-/3, 
and wherein the hydrophobic or hydrophilic group is 1.7-4. OA from the side chain atom; 

(vii) an R2'-substituent comprising ^a hydrophobic or hydrophilic group that fits 
spacially into the TR LBD; 

(viii) an R3'-substituent comprising k hydrophobic group that interacts with a side 
chain atom of a phenylalanine, glycine or methionine corresponding to a residue selected 
from the group consisting of Phe215, Gly29Q, and Met388 of human TR-a, and Phe269, 
Gly344, Met442 of human TR-/3, and whereu| thejiydrophobic group is 1.7-4.0A from the 
side chain atom; 

(ix) an R4'-substituent comprising' arl hydijbgen bond donor or acceptor group that 
interacts with a side chain carbon or nitrogen alom of a histidine corresponding to residue 
His381 of human TR-a, and His435 of human TIR-/3, and wherein the hydrogen bond donor 
or acceptor group is 1.7-4. OA from the side chaiA atom; 

(x) an R5'-substituent comprising a hydrophobic or hydrophilic group that fits 
spacially into the TR LBD; and 

(xi) and R6'-substituent comprising a hydrophobic or hydrophilic group that fits 
spacially into the TR LBD. 



21376296 
112497 



106. 



1 

2 
3 
4 
5 
6 
7 
8 
9 

00 

ii 

if 2 
is 4 

!45 
|J6 

17 

18 

19 
20 
21 
22 
23 



22. The method of claim 19, wherein said compound comprises: 

(i) a cyclic carbon atom tl at interacts with a carbon and oxygen atom of a 
methionine residue corresponding to Met259 of human TR-a, and Met313 of human TR-0, 
wherein the cyclic carbon is about 3. 01 to 4.0A from the carbon and oxygen atom of the 
methionine; 

(ii) a cyclic carbon atom thatlinteracts with a carbon atom of a leucine residue 
corresponding to Leu276 of human TR-oL and Leu330 of human TR-0, wherein the cyclic 
carbon is about 3.0 to 4.0 A from the carbon atom of the leucine; 

(iii) a cyclic carbon atom that interacts with a carbon atom of a leucine residue 
corresponding to Leu292 of human TR-a, Ud Leu346 of human TR-0, wherein the cyclic 
carbon is about 3.0 to 4.0 A from the carboii atom of the leucine; 

(iv) a R3-substituent comprising ai atom that interacts with a carbon atom of an 
isoleucine residue corresponding to Ile221 oflhuman TR-a, and Ile275 of human TR-/3, 
wherein the R3-substituent atom is about 3.0 tp-470A^from the carbon atom of the isoleucine; 

(v) a R3'-substituent comprising anlatom that interacts with an oxygen atom of a 
glycine residue corresponding to Gly290/ of huLan TR-a, and Gly344 of human TR-0, 
wherein the R3'-substituent atom is aboLt 3.0 ti/oA from the carbon atom of the glycine; 
and 

(vi) a R4'-substituent comprising an atdm selected from the group consisting of 
oxygen and carbon that interacts with (a) a carboii and nitrogen atom of a histidine residue 
corresponding to His381 of human TR-a, and His435 of human TR-0, wherein the R4'- 
substituent atom is about 2.0 to 4.0A from the cartL atom of the histidine; and (b) a carbon 
atom of a phenylalanine residue corresponding to Pte401 of human TR-a, and human 
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1 Phe455 of TR-/3, wherein said aton\ is about 3.0 to 4. OA from the carbon atom of the 

2 phenylalanine. 
3 
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23. The method according (to claim 21, 
wherein R, is 

-0-CH 2 C0 2 H, -NHCH 2 C0 2 H, 

-C0 2 H, -CH 2 C0 2 H, -CH 2 CH 2 C6 2 H, -CH 2 CH 2 CH 2 C0 2 H, 
-CH 2 CH(NH 2 )C0 2 H, -CH.CHfN^COCH^JCO^, -CH 2 CH[NHCO(CH 2 ) 15 CH 3 
]C0 2 H, -CH 2 CH[NH-FMOC]C0 2 k, -CH 2 CH[NH-tBOC]C0 2 H, or a carboxylate 
connected to the ring with a 0 to 31 carbon linker, 

-P0 3 H 2 , -CH 2 P0 3 H 2 , -CH 2 CH 2 P0 3 ll, -CH 2 CHNH 2 P0 3 H 2 , 



-CH 2 CH[NHCOCH0JPO 3 H 2 
-CH 2 CH[NH-FMOC]P0 3 H 2 , 
phosphonate connected to thi 




qH[NHCQ(CH 2 ) 15 CH 3 ]P0 3 H 2 , 

tBOC]P0 3 H 2 , or a phosphate or 
to 3 carbon linker, 



-S0 3 H, -CH 2 S0 3 H, -CH 2 CH 2 S0 3 H, -(TH 2 CHNH 2 S0 3 H, -CH 2 CH[NHCOCH0JSO 3 H, 
-CHzCHtNHCOCCH^CH^H, -C^CHfNH-FMOCJSO^, -CH 2 



CH[NH-tBOC]S0 3 H, or a sulfate or su 
linker, 



fite connected to the ring with a 0 to 3 carbon 
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or acts as the functional equivalent of CH 2 CH(NH 2 )C0 2 H of T3 in the molecular 
recognition domain when bound t<| a TR, wherein said R, can be optionally 
substituted with an amine, 



5 wherein R 2 is 

6 H, halogen, CF 3 , OH, NH 2 , SH, CHfe, -Et, 

7 or acts as the functional equivalent of\H in the molecular recognition domain when 

8 bound to a TR, 
9 

(30 wherein R 3 is 

|l -H, halogen, -CF 3 , -OH, -NH 2 , -N 3 , -SK|, -CH 3 , -Et, 

I p or acts as the functional equivalent of I v\ the molecular recognition domain when 

Ilj3 bound to a TR, 

H5 wherein R 5 is 

|| 6 " H ' hal °g en > - CF 3- "OH, -NH 2 , -N„ /SH, -fcH 3 , -Et, or acts as the functional 

17 equivalent of I in the molecular recognition |iop{ain\when bound to a TR, and R 3 can 

18 be identical to Rj, 
19 



20 wherein Rg is 

21 -H, halogen, -CF 3 , -OH, -NH 2 , -SH, -CH 3 , oi 
in the molecular recognition domain when boujnd to a TR, and R 2 can be identical to 



acts as the functional equivalent of H 



22 
23 
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1 wherein R 2 ' is 
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-H. halogen, -CF 3 , -OH, -NH 2 ,|-N 3 , -SH, -CH 3 , -Et, 
equivalent of H in the molecul, 



or acts as the functional 
recognition domain when bound to a TR, 



wherein R 3 ' is any hydrophobic group, including 
halogen, -CF 3 , -SH, alkyl, aryl, 5-\or6 
functional equivalent of I in the 



membered heterocycle, cyano, or acts as the 
molecular recognition domain when bound to a TR, 



wherein R 4 ' is 



^ -OH, -NH 2 , NH 3 , W carboxylatej phosphonate phosphate 
« -te, -SH, -CH 3 , - Et , or a*yl, J or , or _ - 

attached through urea or carbamate linlcales to O or N or S at the R,' 
acts as the functional equivalent of OH in\th e 
bound to a TR, 



position, or 
molecular recognition domain when 



18 
19 

20 

21 

22 

23 



jijS wherein R 5 ' is 

17 -H, -OH, -NH 2 , -N(CH 3 ) 2 -SH -NH LcA A 

sh an. NH 3 , /N(CHk ca^xylate, phosphonate, phosphate 
sulfate, bached or straight chain or 

carbon allcyl and wherein said aryl 1S optionally onnected to the ring by a -CH 
aroma, heterocycle havmg , to 6 atoms, wherei said heterocycle may ta subbed 
w-h one or more groups selected from -OH, -NH , -SH, -NH 3 , « 
carhoxylate, phosphonate, phosphate or sulfate, heUy,, ^ ^ 
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alkyl, polyaromatic, or po^yheteroaromatic, wherein 
polar or charged groups, 



said R 5 ' may be substituted with 



4 wherein R^' is 

5 -H, halogen, -CF 3 , -OH, -N^, -SH, -CH 3 , -Et, 

6 H in the molecular recogniti 



or acts as the functional equivalent of 
domain when bound to a TR, 



8 wherein X is 
9 
50 



O. S, S0 2 , NH, NR 7 , CH 2 , CH k 7 , CR 7 R 7 , wherein R 7 is alkyl, aryl or 5- or 
6-membered heterocyclic aromatic, 



3 2 

jfe 

li 4 

m 
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and wherein said TR LED hgand has an pparen, Kd for binding TR LBD of 1 „M or less. 



24. The method of claim 23, whlrein 



R, is carboxylate, phosp^ph^e or sulfite and is connected t0 the 
ring with a 0 to 3 carbon linto 
R 2 is H, 

R 3 is -I, -Br, or -CH 3 , 
Rs is -I, -Br, or -CH 3 , 
RfiisH, 
R 2 ' is H, 

R 3 ' is -I, -Br, -CH 3 , -iPr, -phenyl, ^enzyl, or 5- or 6-membered ring 

heterocycles, 



21376296 
112497 



111. 



1 

2 
3 
4 
5 
6 
7 
8 
9 
iJO 
§1 

yi 

jA5 



19 



20 



R4' is -OH, -NHL and -SH, 

IV is -H, -OH, -W 2 , -N(CH 3 ) 2 -SH -NH 3 , -N(CH 3 ) 3 , carboxylate, 
phosphonate, phosphate, Sulfate, branched or straight chain alkyl having 1 to 9 
carbons, substituted or unsubstituted aryl, wherein said substituted aryl is substituted 
with halogen or 1 to 5 caribon alkyl and wherein said aryl is optionally connected to 
the ring by a -CH r , aromatic heterocycle having 5 to 6 atoms, wherein said- 
heterocycle may be substituted with one or more groups selected from -OH, -NH 2 , - 
SH, -NH 3 , -N(CH 3 ) 3 , carboxylate, phosphonate, phosphate or sulfate, heteroalkyl, 
arylalkyl, heteroaryl alkyl, ptoly aromatic, or polyheteroaromatic, wherein said R 5 ' 
may be substituted with polai\ or charged groups, and 
IV is H. 



laiu 



25. The method of claim 1!> 
preferentially into TR LBD isoform a 

26. The method of claifli 25 



wherein said compound fits spatially and 
(TR-a). 



wherein said compound comprises an anionic group 

17 that interacts with the side chair/ oxygek or/jbarbon of a serine residue corresponding to 

18 Ser277 of human TR-a, and wHerein ti# anionic groutrTs 1.7-4.0A from the side chain atom. 



27. The method of claim 19, \*herein said compound fits spatially and 
21 preferentially into TR LBD isoform 0 (T^-/3). 
22 
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1 28. The method of dlaim 27, wherein said compound comprises an anionic group 

2 that interacts with the side chaih nitrogen of an arginine corresponding to Asn331 of human 

3 TR-0, and the anionic group is k. 7-4. OA from the side chain atom. 
4 

5 29 ■ method of claim 19, wherein said compound binds to a TR LBD isoforrn 

6 with greater affinity than thyronine or triiodothyronine. 
7 



30. The method of clank 1, wherein said compound comprises a cyclic carbon 
atom that interacts with a carbon ahd oxygen atom of a methionine residue corresponding to 
Met259 of human TR-a, and Met3i3 of human TR-0, wherein the cyclic carbon is about 3.0 
to 4. OA from the carbon and oxygei atom of the methionine. 

31. The method of claim ■ 0, wherein said cyclic carbon is inner ring carbon CI 1 . 



32. The method of/claim 
atom that interacts with a carbon atonji 
human TR-a, and Leu330 o' 
from the carbon atom of the leucine. 



wr 



rein^said compound comprises a cyclic carbon 
a leucine residue corresponding to Leu276 of 
T^-)^wherejn-<hecyclic carbon is about 3.0 to 4.0A 



20 33. The method of claim 32 

21 consisting of inner ring carbons C7 and 
22 



wherein said cyclic carbon is selected from the group 
C9. 
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1 34. The method of claim 1, wherein said compound comprises a cyclic carbon 

2 atom that interacts with a carbon atom of a leucine residue corresponding to Leu292 of 

3 human TR-a, and Leu346 of huiAan TR-/3, wherein the cyclic carbon is about 3.0 to 4.0A 

4 from the carbon atom of the leucine. 
5 

6 35. The method of claim! 34, wherein said cyclic carbon is selected from the group 

7 consisting of outer ring carbons C6 |ind C8. 
8 

9 36 - The method of claim ll wherein said R3-substituent comprises an atom that 

plO interacts with a carbon atom of an isokucine residue corresponding to De221 of human TR- 

jllll a, and Ile275 of human TR-0, whereir} the R3-substituent atom is about 3.0 to 4.0A from the 

/42 carbon atom of the isoleucine. 

|jjl3 

-14 37. The method of claim 1, wherein said R3'-substituent comprises an atom that 

j d5 interacts with an oxygen atom of a gly/me residue corresponding to Gly290 of human TR-a, 

j|6 and Gly344 of human TR-/3, wherein 1 the K3'-su»stituent atom is about 3.0 to 4.0A from the 

17 carbon atom^of the glycine. 



18 

19 38 - ^ method of claim 1, wherein said R4'-substituent comprises an atom 

20 selected from the group consisting of oxygeA and carbon that interacts with a carbon and 

21 nitrogen atom of a histidine residue corresponding to His381 of human TR-a, and His435 of 

22 human TR-0, wherein the R4'-substituent ator^ is about 2.0 to 4.0A from the carbon atom of 

23 the histidine. 
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1 39. The method of claifo 1, wherein said R4'-substituent comprises an oxygen 

2 atom that interacts with a carbon atom of a phenylalanine residue corresponding to Phe401 of 

3 human TR-a, and human Phe455 cJf TR-0, wherein said atom is about 3.0 to 4.0A from the 

4 carbon atom of the phenylalanine. 
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40. A method for identify irk a thyroid hormone receptor (TR) agonist or 
antagonist ligand that selectively modulates the activity of a TR compared to other nuclear 
receptors, said method comprising the steps of: 

providing the atomic coordinates of a TR ligand binding domain (TR LBD) to 
a computerized modeling system; 

modeling ligands whicli fit jspaciaUy into the TR LBD and which interact with 
conformational^ constrained residues of ayTR|LBD conserved among TR isoforms; and 
identifying in a biological asjsay loi^FR-activity a ligand which selectively 
binds to said TR and increases or decrease!, the activity of said TR, whereby a TR agonist 
antagonist that selectively modulates the activity of a TR is identified 

41. A peptide, peptidomkic or synthetic molecule identified by the method of any 
one of claims 19 or 40, with the prdviso that said molecule is other than a thyronine 



or 



or 



19 thyronine-like compound disclosed in^ reference cited in Appendix I. 
20 



21 42. A machine-readable data sto 

22 encoded with machine readable data w: 

23 instructions for using said data, is cap 




dium, comprising a data storage material 
ien using a machine programmed with 
g a graphical three-dimensional 
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1 representation of a molecule or molecular complex for a thyroid hormone ligand binding 

2 pocket comprising structure coordinates of TR-a amino acids corresponding to human TR-a 

3 amino acids Met259, Leu276, and Ild221, or a homologue of said molecule or molecular 

4 complex, wherein said homologue comprises a binding pocket that has a root mean square 

5 deviation from the backbone atoms of said amino acids of not more than 1.5 A. 
6 



43. A machine-readable dati storage medium, comprising a data storage material 
encoded with machine readable data which, when using a machine programmed with 
instructions for using said data, is capable of displaying a graphical three-dimensional 
representation of a molecule or molecular complex for a thyroid hormone ligand binding 
pocket comprising structure coordinates of TR-a amino acids corresponding to human TR-a 
amino acids Leu292, His381, Gly290 and Phe401, or a homologue of said molecule or 
molecular complex, wherein said homoli >gue comprises a binding pocket that has a root mean 
square deviation from the backbone atonis of said amino acids of not more than 1.5 A. 



44. The machine-readabli 
43, wherein said binding pocket comprises 
corresponding to human TR-a amnio aci<i: 
Ile221 and Phe401. 



tedium according to any one of claims 42 or 
structure coordinates of TR-a amino acids 




£9, Leu2J6, Leu292, His381, Gly290, 



45. The machine-readable storage medium according to claim 44, wherein said 
binding pocket comprises structure coordinates of TR-a amino acids corresponding to human 
TR-a amino acids Arg228, Arg262 and Ar>266. 
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46. The machine-readable storage medium according to claim 44, wherein said 



2 binding pocket comprises structure coordinates of TR-a amino acids corresponding to human 



3 TR-a amino acids Ser260, Ala263 and 
4 



Ile299. 



47. The machine-readable storage medium according to claim 44, wherein said 
binding pocket comprises structure coordinates of TR-a amino acids corresponding to human 
TR-a amino acids Phe218, Ile221 and Il1p222. 

48. The machine-readable storafee medium according to claim 44, wherein said 
binding pocket comprises structure coordinktes of TR-a amino acids corresponding to human 
TR-a amino acids Phe215, Gly290 and Mtt388. 



5 
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17 50. A machine-readable datk storage indium, comprising a data storage material 

18 encoded with machine readable data wffiehr^ben us«ig_ajBathine programmed with 

19 instructions for using said data, is capable of c isplaying a graphical three-dimensional 

20 representation of a molecule or molecular com >lex for a thyroid hormone ligand binding 

21 pocket comprising structure coordinates of TR-/3 amino acids corresponding to human TR-/3 

22 amino acids Met313, Leu330, and Ile275, or a homologue of said molecule or molecular 



49. The machine-readable storage 
binding pocket comprises structure coordinates 
human TR-a amino acid Ser277. 



medium according to claim 44, wherein said 
of a TR-a amino acid corresponding to 
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1 complex; wherein said homologue comprises a binding pocket that has a root mean square 

2 deviation from the backbone atomslof said amino acids of not more than 1.5A. 
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51. A machine-readable data storage medium, comprising a data storage material 
encoded with machine readable data Which, when using a machine programmed with 
instructions for using said data, is capable of displaying a graphical three-dimensional 
representation of a molecule or molecular complex for a thyroid hormone ligand binding 
pocket comprising structure coordinates! of TR-/3 amino acids corresponding to human TR-/? 
amino acids Leu346, His435, Gly344, ajnd Phe455, or a homologue of said molecule or 
molecular complex, wherein said homologue comprises a binding pocket that has a root mean 
square deviation from the backbone atoms of said amino acids of not more than 1.5A. 



52. The machine-readable data 
or 51, wherein said binding pocket 9 
corresponding to human TR-/3 amjho acidfc 
Ile275 and Phe455. 




medium according to any one of claims 50 
structure coordinates of TR-/3 amino acids 
13, Leu330, Leu346, His435, Gly344, 



53. The machine-readable data s:orage medium according to claim 52, wherein 



19 said binding pocket comprises structure coordinates of TR-/8 amino acids corresponding to 



20 human TR-/3 amino acids Arg282, Arg316 
21 



and Arg320. 
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54. The machine-readable data storage medium according to claim 52, wherein 



said binding pocket comprises structun 



human TR-/3 amino acids Ser314, Ala3 



coordinates of TR-/? amino acids corresponding to 
17 and Ile352. 



55. The machine-readable dam storage medium according to claim 52, wherein 
said binding pocket comprises structure coordinates of TR-/8 amino acids corresponding to 
human TR-0 amino acids Phe272, Ile275|and Ile276. 

56. The machine-readable data storage medium according to claim 52, wherein 
said binding pocket further comprises strudture coordinates of TR-0 amino acids 
corresponding to human TR-/3 amino acids! Phe269, Gly344 and Met442. 

57. The machine-readable data storage medium according to claim 52, wherein 
said binding pocket comprises structure coolfdinates of a TR-0 amino acid corresponding to 
human TR-/3 amino acid Asn331. 

58. The machine-readable data~stdrage medjum^ecording to claim 52, wherein 
said molecule or molecular complex is definid by the set of structure coordinates selected 
from the group consisting coordinates depicted in Appendix 3, 4, 5 and 6, or a homologue of 
said molecule or molecular complex, said hoJnologue having a root mean square deviation 
from the backbone atoms of said amino acida of not more than 1.5A. 
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1 59. The machine-readable dajta storage medium according to claim 52, wherein 

2 said molecule or molecular complex is defined by the set of structure coordinates selected 

3 from the group consisting coordinates depicted in Appendix 7 and 8, or a homologue of said 

4 molecule or molecular complex, said hoihologue having a root mean square deviation from 

5 the backbone atoms of said amino acids qf not more than 1.5A. 
6 

7 60. A machine-readable data storage medium comprising a data storage material 

8 encoded with a first set of machine readablj; data which, when combined with a second set of 

9 machine readable data, using a machine profefarfinied with instructions for using said first set 
i^O of data and said second set of data, can d£tefrnirje h least a portion of the structure 



nachine readable data, wherein: said first set 



ill coordinates corresponding to the second |set <fc 

/J2 of data comprises a Fourier transform of at li ast a portion of the structural coordinates 

jj3 selected from the group consisting of coordinates depicted in Appendix 3, 4, 5, 6, 7 and 8; 

li 4 2111(1 said second se t of data comprises an X-ray diffraction pattern of a molecule or molecular 

|15 complex. 
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